GABAergic interneurons modulate cortical activity through the actions of distinct subgroups. Recent studies using interneuron transplants have shown tremendous promise as cell-based therapies for seizure disorders, Parkinson's disease, and in the study of neocortical plasticity. Previous reports identified a spatial bias for the origins of parvalbumin (PV)-and somatostatin (SST)-expressing interneuron subgroups within the medial ganglionic eminence (MGE). In the current study, the mitotic origins of these interneurons are examined by harvesting MGE cells at 2 time points and evaluating their neurochemical profiles after transplantation into neonatal mouse cortex. Although the dorsal MGE (dMGE)-SST and ventral MGE (vMGE)-PV bias were confirmed, both subgroups originate from progenitors located throughout the MGE. The dMGE bias was also found for SST subgroups that coexpress calretinin or reelin. In contrast, another major subgroup of SST interneuron, neuropeptide Y-expressing, does not appear to originate within the MGE. Finally, novel evidence is provided that a clinically important subtype of PV-expressing interneuron, the chandelier (axo-axonic) cell, is greatly enriched in transplants from the vMGE at embryonic day 15. These findings have important implications both for the study of interneuron fate determination and for studies that use interneuron precursor transplantation to alter cortical activity.
Introduction
Different classes of neurons in the mammalian central nervous system (CNS) are generated by induction of a transcriptional code in neuronal progenitors, which is regulated by activation of cell--cell interaction as well as morphogen-dependent signaling cascades (Lee and Pfaff 2001; Malicki 2004) . Two well-characterized structures within the CNS are the spinal cord (Lee and Pfaff 2001) and the retina (Malicki 2004) where progenitors are restricted to distinct fates spatially and temporally, respectively.
With its neuronal heterogeneity, the mammalian neocortex is one of the most challenging regions to study the mechanisms involved in the generation of neuronal diversity. Much of this heterogeneity arises from c-aminobutyric acidergic interneurons, which comprise diverse populations that are subclassified based on morphology, intrinsic physiology, neurochemical markers, and axon targets (Markram et al. 2004; Ascoli et al. 2008) . Fatemapping studies have demonstrated the presence of spatially and temporally distinct progenitor domains for interneuron subclasses within the embryonic ventral (subcortical, pallidal) telencephalon (for recent reviews, see Batista-Brito and Fishell 2009; Gelman and Marin 2010; Welagen and Anderson 2011) .
Most neocortical interneurons, including all or nearly all of 2 major nonoverlapping subgroups defined by their expression of parvalbumin (PV) or somatostatin (SST), originate in the medial ganglionic eminence (MGE) (Wonders and Anderson 2006) . Transplantation and genetic fate-mapping studies have demonstrated that there is a bias for the generation of SST-expressing interneurons (SST + ) from the dorsal MGE (dMGE), whereas PV-expressing interneurons (PV + ) tend to be generated from ventral regions (vMGE) (Flames et al. 2007; Fogarty et al. 2007; Wonders et al. 2008) . This bias appears to relate to enhanced Shh signaling within the dMGE Xu, Guo, et al. (2010) . However, only one of these studies specifically examined the mitotic origins of these interneuron subgroups, finding that SST + interneurons, labeled at the progenitor stage with the S-phase marker BrdU and examined after 10 days of culture, can originate from both dand vMGE (Wonders et al. 2008) .
Better defining the mitotic origins of cortical interneurons is important for 2 reasons. First, understanding the link between intra-MGE patterning and mitotic origins of interneurons is a critical step to discovering the mechanisms giving rise to interneuron subtype diversity. Second, MGE transplants into postnatal cortex have been shown to enhance local inhibition (Alvarez-Dolado et al. 2006) , alter cortical plasticity (Southwell et al. 2010) , and offer remarkable promise as a cell-based therapy for seizures (Baraban et al. 2009; Waldau et al. 2010; Zipancic et al. 2010) as well as Parkinson's disease (Martinez-Cerdeno et al. 2010) . Since the PV-and SSTexpressing subgroups have distinct intrinsic firing properties and distinct propensities for targeting the perisomatic versus distal dendritic regions of pyramidal neurons (Markram et al. 2004) , better understanding of interneuron subgroup compositions from temporally and spatially defined MGE sources will critically inform future transplantation studies.
In this paper, pan-green fluorescent protein (GFP) expressing mouse dams were injected with BrdU at E13.5 or E15.5 to label cells in S-phase. Two hours later, the dorsal (d), middle (m), or ventral (v) regions of the MGE were transplanted into neonatal neocortex, and the fates of transplanted cells were evaluated after 30 days. Although we confirmed the bias for SST + interneurons to be dMGE-derived, and PV + interneurons to originate within vMGE, a surprising number of both subgroups were generated from mitosis in the opposite region.
In addition, analysis of interneuron morphology by GFP immunolabeling resulted in the novel finding that a functionally and clinically relevant subclass of PV + interneuron, the chandelier (axo-axonic) cell, is greatly enriched within the vMGE transplants at E15.5.
Materials and Methods
In Vivo Transplantation For in vivo labeling of S-phase donor cells, pregnant females were injected intraperitoneally with BrdU (100 mg/kg) 2 h prior to their sacrifice by an overdose of sodium pentobarbitol and thoracotomy. The day of vaginal plug was considered embryonic day 0.5 (E0.5). GFP + brains of E13.5 and E15.5 embryos were sectioned in the coronal plane, 250 lm thick, using a vibrating microtome (Thermo Scientific HM650V). Slabs of tissue corresponding to the dorsal, middle, and vMGE regions were dissected using fine forceps (Fig. 1) . Although some mantle zone was likely to be present in each dissection, an effort was made to limit dissections mainly to the proliferative zones using the increased opacity of this region. To limit the rostral--caudal level of the dissections, these were made only where the MGE--lateral ganglionic eminence (LGE) sulcus is evident and no thalamus is present in the dorsal midline. Samples obtained from both hemispheres of 2 slices from 2 embryos were combined and considered as an individual experiment for statistical purposes. Donor cells were dissociated by trituration, centrifuged at 500 g for 5 min, resuspended in 15--30 lL of NB/B27 medium and adjusted to a cell concentration of roughly 40 cells/nL. The cells were suction filled into a beveled glass micropipette (0.5 mm inner diameter, 1 mm outer diameter), fitted to an oocyte nanoinjector (Nanoinject II, Drummond), and injected into cooling-anesthetized neonatal (P0--P2) pups. The use of this injector allowed for the minimization of tissue damage by injecting small volumes at a relatively slow rate (23 nL/s). Each pup received 35 injections of 69 nL into each hemisphere placed 1 mm lateral to the midline and 1 mm rostral to the interaural line, targeting somatosensory cortex. The micropipette tip was placed 1 mm deep to the pial surface, allowing for the injection of cells mainly into layers 3, 4, and 5.
Tissue Collection and Immunofluorescence Labeling
Pups that received cell injections were sacrificed at P30. The mice were perfused intracardially with 13 phosphate-buffered saline (PBS) followed by 4% paraformaldehyde (PFA) and postfixed in fresh 4% PFA for 4 h. The brains were then removed and sectioned in the coronal plane at 40 lm on a vibrating microtome. Primary antibodies used for immunofluorescence labeling included mouse anti-BrdU (1:400; Chemicon), chicken anti-GFP (1:2000; Molecular Probes), rabbit anti-PV (1:5000; Swant), rat anti-SST (1:400; Chemicon), rabbit anti-CR (1:1000; Milipore), rabbit anti-NPY (1:1000; Immunostar) and mouse anti-Rln (1:1000; kindly provided by Andre M. Goffinet). Fluorescent secondary antibodies were Alexa 488 and 568 (1:500; Molecular Probes) and Cy5-conjugated (1:500; Jackson Immunoresearch). The nuclear marker DAPI (300 nM) was applied together with the secondary antibodies. Sections were first processed with primary antibodies for SST or PV and GFP followed by their corresponding secondary immunolabeling. The slices were then fixed in 4% PFA for 30 min and processed for BrdU immunostaining by incubation in 2 N HCl in PBS at 37°C for 15 min and then 0.1 M boric acid for 2 min. Then they were rinsed, blocked in 5% fetal calf serum, and treated overnight with mouse anti-BrdU (1:400; Chemicon). The next day, the slices were treated with secondary antibodies for BrdU (1:500; Alexa 568 goat anti-mouse; Molecular Probes). The signal was detected by epifluorescence microscopy (Nikon) using a 403 objective and images acquired using a cooled CCD camera (Coolsnap HQ, Roper; Metamorph software, Universal Imaging). Epifluorescence microscopy was appropriate for this quantification since the low density of labeling renders the perfect superimposition of labeled cells a very rare event (see examples in Fig. 2 ; we have previously confirmed that confocal microscopy of labeled cells in similar transplants results in equivalent results but at a far higher cost and limits the ability to reexamine the material due to photobleaching).
Data Collection and Analysis
Cell profile counts were made in the somatosensory cortex between the genu of the corpus callosum and the hippocampal commissure. Statistical comparison between dMGE, mMGE, and vMGE samples was performed using unpaired one-way analysis of variance (ANOVA) combined with a post hoc Tukey's, unless otherwise stated.
Results
To examine the relationship between mitotic origin within the MGE and interneuron subgroup fate, pan-GFP-expressing males were crossed to wild-type females, and a single BrdU pulse (100 mg/kg; intraperitoneally) was injected into the dam 2 h before euthanization of the dam and dissection of the GFP + embryos. The dMGE, mMGE, vMGE subregions were removed from embryos at embryonic day 13.5 (E13.5) and E15.5, dissociated, and transplanted into the cortex of P0--P2 hosts ( Fig. 1A --C). Colabeling of BrdU and GFP with interneuron subgroup markers PV or SST was then quantified in sections through the somatosensory cortex of mice at P30 (Fig. 2) . In these transplants, cells were plentiful within roughly 1 mm from the injection site (Figs 1F and 2), consistent with previous studies using neonatal neocortical transplantation of MGE-derived cells (Cobos et al. 2005; Alvarez-Dolado et al. 2006; Du et al. 2008; Wonders et al. 2008; Baraban et al. 2009 ). First, the percentage of GFP + cells transplanted from different regions of the MGE at E13.5 and E15.5 that colabeled with BrdU were analyzed. There was no significant difference between different regions at both of the ages tested (%BrdU
10.5 ± 5.0, mMGE: 12.3 ± 4.9, vMGE: 6.2 ± 2.6 and for E15.5: 10.5 ± 2.0, 10.1 ± 0.8, 10.5 ± no bias for dMGE to generate more of these cells than mMGE or vMGE ( Fig. 3 ; % SST + /BrdU + ±SEM, n = 3: dMGE: 4.8 ± 1.4, mMGE: 12.8 ± 1.9, vMGE: 7.3 ± 0.7; dMGE vs. mMGE, P < 0.05).
Surprisingly, at E15.5, the dMGE high vMGE low gradient of SST expression by all GFP + cells remained ( Fig. 3 Fig. 3 ). There was a strong tendency for transplants at E15.5 to give rise to more PV than SST interneurons compared with the transplants at E13.5. This result is consistent with the generally ''inside-out'' gradient of neurogenesis for PV-and for SST-expressing interneurons in the neocortex (Cavanagh and Parnavelas 1988; Rymar and Sadikot 2007; Wonders et al. 2008) and with the far greater relative density of PV versus SST interneurons in superficial versus deep neocortical layers ).
E15.5 vMGE Transplants Are Highly Enriched for Chandelier Interneurons
The results presented above strongly support a model whereby PV and SST interneurons are generated, at least for the most part, by progenitors that are differentially biased to be located in the ventral or dorsal portions of the MGE, respectively (Fig. 3) . At the same time, overlap exists in the PV-or SST-producing domains. This raises the question of whether subtypes of interneurons (defined by combinations of neurochemical, electrophysiological, and morphological-/axon-targeting characteristics) within these neurochemically defined subclasses may have subdomains of generation within the MGE.
To address this question, we focused on ''fast-spiking,'' PVexpressing interneurons that contain 2 main subclasses, basket, and chandelier cells (Ascoli et al. 2008) . PV + basket cells tend to have curved axonal terminals that mainly target pyramidal neuron somata and proximal dendrites. In contrast, the far more rare PV + chandelier interneurons (also known as axo-axonic cells) have vertically oriented terminals (cartridges) that target the axon initial segment of pyramidal neurons (Somogyi 1977; Somogyi et al. 1982; DeFelipe et al. 1985) . Genetic fate-mapping studies have previously identified the MGE as the likely source of chandelier interneurons Fazzari et al. 2010 ). However, a more precise spatial or temporal source of these interneurons, dysfunction of which has been implicated in some forms of epilepsy and schizophrenia (DeFelipe 1999; Volk and Lewis 2002), has not been established. Transplants of dorsal, middle, or ventral MGE at E13.5 or E15.5 were evaluated for the presence of chandelier interneurons, the axon terminals of which were easily identifiable by immunofluorescence labeling (Fig. 4A ; see Materials and Methods). At E13.5, only about 3% of GFP + cells from the dMGE or mMGE transplants developed into chandelier interneurons (Fig. 4B ). This value jumped to 10% in the vMGE. By comparison to the GFP + /PV + colabeling data in Figure 3C , the results suggest that chandelier interneurons comprise less than 10% of the PV + interneurons in the 13.5 transplants. At E15.5, similar results to the earlier transplants were found for dMGE and mMGE sources. In contrast, vMGE transplants at E15.5 resulted in over 25% of GFP + cells becoming chandelier interneurons (Fig. 4B) . As similar numbers (about 70%; Fig. 3 ) of vMGE GFP + cells differentiate into PV-expressing interneurons at E13.5 as at E15.5, the ratio of chandelier interneurons within the PV population nearly triples for this source relative to the other 5 sources tested. In sum, these results indicate that the vMGE at E15.5 is a major source of the chandelier subtype of PV-expressing interneuron (Fig. 6) .
Origins of SST y Cells that Coexpress Other Cortical

Interneuron Markers
The SST-expressing subgroup of cortical interneurons include cells that colabel with calretinin (CR), reelin (Rln), and Neuropeptide Y (NPY) (Gonchar et al. 2007; Miyoshi et al. 2010 = 3: at E13.5: dMGE: 19.3 ± 2.6, mMGE: 7.7 ± 3.3, vMGE: 1.3 ± 0.8, (dMGE vs. vMGE: P < 0.01), at E15.5: dMGE: 21.6 ± 2.4, mMGE: 12.9 ± 4.0, vMGE: 1.8 ± 0.8; dMGE vs. vMGE: P < 0.01).
Analysis of CR and SST colabeling revealed that only around 1% of transplanted cells from any region of the MGE that are CR + did not express SST. Therefore, within the SST + subgroup, CR coexpressing--transplanted cells revealed a dorsal-high, ventrallow bias (Fig. 5 ) that closely resembles the bias for the SST + subgroup as a whole (Fig. 3) . There was an enrichment of chandelier interneurons in the vMGE at both ages. At E15.5, this enrichment significantly increased relative to both dMGE and mMGE at E15.5 and relative to the vMGE in the E13.5 transplants. Bars above the graphs indicate significant differences using an unpaired one-way ANOVA, P \ 0.05, post hoc Tukey. Scale bar: 100 lm.
Another marker that a subset of cortical and hippocampal SST + cells express is Rln (Pesold et al. 1998; Yabut et al. 2007; Miyoshi et al. 2010) . However, in our samples about 95% of SST -expressing cells in somatosensory cortex colabeled with Rln, such that counts of Rln colabeling with GFP not surprisingly revealed a similar dMGE bias (% Rln + /GFP + , n = 3: dMGE: 66.2 ± 3.1, mMGE: 37.6 ± 8.0, vMGE: 12.0 ± 1.5; dMGE vs. vMGE: P < 0.05, dMGE vs. vMGE: P < 0.001, mMGE vs. vMGE: P < 0.05, Fig. 5) .
Finally, analysis of the NPY + coexpression with GFP in MGE transplants revealed that very few NPY + cells are present in MGE transplants at E13.5 or E15.5 (less than 1% at E13.5 and no more than 3% at E15.5, Fig. 5 ). Of these, essentially all colabeled with SST, consistent with previous studies implicating the preoptic region or CGE as primary sources of these interneurons (Fogarty et al. 2007; Gelman et al. 2009 ).
Discussion
Previous studies found that a spatial bias for the origins of the 2 major neurochemically defined subgroups of cortical interneurons, those that express PV or SST, exists on the dorsal--ventral axis of the MGE (Flames et al. 2007; Fogarty et al. 2007; Wonders et al. 2008) . Since particularly at later stages of neurogenesis, there is considerable, mainly dorsal-directed, migration within the proliferative zone of the MGE (Anderson et al. 2001) , the current study extends these findings by focusing on the mitotic origins of these interneuron subgroups.
Although the dMGE-SST vMGE-PV bias was confirmed, both PV and SST interneurons were found to derive from progenitors throughout the MGE. Additionally, a relatively rare but clinically relevant subtype of PV-expressing interneuron, the chandelier (axo-axonic) cell, was found to originate mainly within the most ventral region of the MGE with a significant enrichment at E15.5 compared with E13.5. These novel findings have important implications for the study of interneuron fate and for studies that use interneuron transplantation to alter cortical activity. Like the spinal cord, the telencephalon is composed of molecularly distinct domains that give rise to distinct types of neurons. After E12.5, the MGE itself can be parsed into 5 molecular domains (Flames et al. 2007 ), the most dorsal of which strongly expresses Nkx6.2, a transcription factor associated mainly with progenitors of SST-expressing interneurons (Fogarty et al. 2007; Sousa et al. 2009 ). However, our results demonstrate that at E13.5, the mitotic origins of SSTexpressing interneurons extend through the mid-region of the MGE (Fig. 3) , well ventral to the detectable Nkx6.2 expression domain at this age. At the same time, while 40% of surviving BrdU 1 cells of the E13.5 dMGE gave rise to SST-expressing interneurons, some 30% of BrdU 1 cells in these transplants expressed PV. These results indicate that a substantial degree of mixing occurs in the mitotic origins of these neurochemically defined subgroups.
Of note, in recent studies of a transgenic mouse line in which the Cre recombinase was inserted into the Shh locus, it was reported that the vMGE gives rise to few cortical interneurons, instead giving rise mainly to spiny PV 1 projection neurons of the globus pallidus as well as striatal interneurons (Flandin et al. 2010 ). However, we believe that much of the discrepancy with the current results is caused by different terminology for describing MGE subdomains. In the current paper, transplantations were carefully limited to the rostral--caudal level where both the MGE and LGE form large distinct structures but where the thalamus is not visible at the dorsal midline. In addition, at this more rostral level, the boundary between the vMGE and preoptic region is generally visible based on the presence of a small sulcus (Fig. 1D,E) . At this level, Shh messenger RNA is not expressed in the proliferative zone. It is strongly expressed in the MGE mantle but without an apparent dorsal--ventral variation (see e.g., Fig.  2O in Gulacsi and Anderson (2008) ). In Flandin et al. (2010) , the regions showing Cre recombination appear to occur more caudally and occur prior to E13.5, the earlier of 2 time points used for MGE cell transplantation in the current study. In addition, at more caudal levels, the distinction between the MGE and underlying preoptic area (POA) is not obvious. In sum, one might refer to the results of the current paper pertaining to the rostral vMGE at peak times of cortical neurogenesis, whereas Flandin et al. focused on relatively earlyborn neurons from the caudal vMGE or possibly the most dorsal domain of the preoptic region. However, since we cannot differentiate between an aspiny PV 1 interneuron of the striatum or cortex (to our knowledge, a neurochemical or electrophysiological distinction in these interneurons has not been demonstrated), it is quite possible that our vMGE transplants contain some interneurons from mitoses that would have generated striatal rather than cortical interneurons. On the other hand, the selectively axon-targeting chandelier interneurons, which are quite plentiful in the vMGE transplants (almost 25%; Fig. 4) , do not appear to exist in striatum.
The presence of mixed mitotic origins for PV-or SSTexpressing subgroups within the MGE raises intriguing questions regarding interneuron fate determination. It was recently demonstrated that the dMGE domain, and SST fates that many of these progenitors attain, is specified by higher levels of Shh signaling . Lower levels of Shh are required to maintain Nkx2.1 expression and PV-expressing interneuron fate. The presence of mitotic origins of both PV-and SSTexpressing interneurons within the dMGE suggests that mechanisms for the differential fate determination of these subgroups may be more complicated than the gradient of Shh signaling that specifies relatively pure domains of neuronal fates in the ventral spinal cord (Jessell 2000) . Notch signaling, perhaps by influencing the degree to which individual progenitors read out the Shh concentration, is one possibility for generating this diversity. Another possibility is that some radial progenitors of cortical interneurons are multipotential, generating mainly SST interneurons with apical neurogenic divisions, and PV interneurons from basal intermediate progenitor divisions (Glickstein et al. 2007) .
Based on genetic temporally restricted fate mapping combined with electrophysiological and neurochemical characterization, it has been suggested that MGE progenitors progress from generating mainly SST to mainly PV interneurons (Miyoshi et al. 2007 ). This genetic labeling of relatively more SST-expressing interneurons and SST-correlated electrophysiological subclasses, earlier during the neurogenic period, and more PV 1 fast-spiking interneurons later, is consistent with the ''inside-out'' relationship of these subgroups' birthdate to laminar location (Cavanagh and Parnavelas 1988; Wonders et al. 2008 ) and with the far higher ratio of PV to SST interneurons present in superficial cortex of mice . The results of the current study also show that PV 1 interneurons make up a much higher percentage of the transplanted cells at E15.5 than E13.5, particularly from the dMGE (Fig. 3) . However, a temporal progression of MGE interneuron production in favor of more PV 1 interneurons does not address whether the subgroups can originate from the same progenitor lineage at different times. To our knowledge, clonal analysis demonstrating that single radial glia can give rise to both PV-and to SST-expressing interneurons has not been published.
Within the neurochemically defined subgroups, subtypes of interneurons are defined by combinations of neurochemical, axon targeting, and electrophysiological characteristics (Wonders and Anderson 2006; Butt et al. 2007) . It is possible that despite the apparent mixing of PV-and SST-expressing subgroups, distinct types of interneurons within these groups are indeed generated from highly spatially and temporally defined domains. The SST-expressing subgroup can be parsed into smaller classes that colabel with reelin, calretinin, and NPY, such that it is interesting to determine whether these subclasses have differential origins in the MGE (Gonchar et al. 2007; Miyoshi et al. 2010) . Analysis of the origins of these SST + classes revealed that both CR and Rln coexpressing SST + cortical interneurons have a dorsal-high, ventral-low bias (Fig. 5) , thus resembling the origins of the whole SST + subgroup. Interestingly, almost none of the transplanted cells from any region of the MGE were detected to give rise to NPY + cells, excluding the MGE as a major source of these interneurons. In an earlier study, some NPY + cortical interneurons were found to derive from Nkx2.1 and/or Nkx6.2 lineage (Fogarty et al. 2007 ). However, both Nkx2.1 and Nkx6.2 are also expressed in the POA, which was later reported to be a source of NPY + cortical interneurons (Gelman et al. 2009 ).
In this study, the relatively small number of S-phase cells that can be labeled within a temporal window that precludes the opportunity for them to migrate extensively before transplantation limited the utility of this method for studying the mitotic origins of minor subclasses within the SST-expressing subgroups. However, our results for the origins of smaller classes within the SST + subgroup (Fig. 5 ) may also be indicative of their mitotic origins at E13.5 since the colabeling of either GFP or BrdU with SST in the transplants was highly similar at this age. To evaluate whether an interneuron subtype may have a more discrete origin within the MGE, we took advantage of the large presence of PV-expressing interneurons in the transplants, combined with existence of a PV-expressing morphologically defined interneuron subtype and the ability to visualize the morphology of transplanted cells by immunofluorescence labeling for GFP. Relative to other MGE regions and to the E13.5 transplant, the chandelier interneurons were greatly enriched within the most ventral MGE region at E15.5 (Fig. 6) . The temporal association with the later-aged transplants is consistent with the increased density of chandelier neurons, found by genetic labeling of Nkx2.1-lineage progenitors, in layer 2 of mouse neocortex (Woodruff et al. 2009 ). Also, since cortical interneurons derived from the more ventrally located POA primarily include NPY-expressing interneurons and not neurons with chandelier morphology (Gelman et al. 2009 ), this result suggests that progenitors for chandelier interneurons are enriched within the ventral-most MGE late in the period of cortical neurogenesis. This result should lead to additional gene discovery studies to determine factors associated with chandelier cell fate determination relative to that of other PV-expressing interneurons. As abnormalities of chandelier interneurons have been associated with epilepsy and schizophrenia (Ribak 1985; Freund and Buzsaki 1988; Marco et al. 1996; Arellano et al. 2004; Lewis et al. 2005) , such studies could have important clinical implications.
In addition to the relevance of this work for guiding future studies of interneuron fate determination, MGE transplantation into hippocampus and neocortex has become an important tool for modifying cortical activity in vivo. To date, MGE transplants into postnatal cortex have been shown to enhance local inhibition (Alvarez-Dolado et al. 2006) , alter cortical plasticity (Southwell et al. 2010) , and reduce seizures in early postnatal neocortex and in adult hippocampus (Baraban et al. 2009; Waldau et al. 2010; Zipancic et al. 2010) . Moreover, MGE transplants into adult striatum can reduce abnormal turning behavior in a model of Parkinson's disease (Martinez-Cerdeno et al. 2010) . Since the PV-and SST-expressing subgroups have distinct intrinsic firing properties and distinct propensities for targeting the perisomatic versus distal dendritic regions of pyramidal neurons (Markram et al. 2004; Ascoli et al. 2008) , better understanding of interneuron subgroup compositions from transplants of temporally and spatially defined MGE sources informs future transplantation studies (Fig. 6) .
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